Archaeological evidence and historic records are often at variance on the subject of animal husbandry This paper discusses the problems of integrating the evidence for medieval and later Britain, and offers new discussion on the interpretation of the zooarch aeol ogical data.
Introduction
In 1697 one Leonard Meagre published a general farming treatise entitled The Mystery of Husbandry: or Arable, Pasture and Woodland improved (Fussell 1947 ). This title is still relevant today as medieval and early modern husbandry are for us in many respects as mysterious as they were in the 17th century. It also suits the subject of this paper well as there is nothing better to highlight the uncertainty of our knowledge than two sources of evidence which often provide conflicting results.
In this paper I will discuss the problem of comparing and integrating archaeologicalmore specifically 'zooarchaeological' -and historical evidence for medieval and early modern husbandry. I will mainly rely on examples drawn from the research I have carried out, with colleagues, in the last six years in England. However, I hope that some of the methodological aspects of this discussion may be relevant to other geographic areas too.
A few case-studies are presented. We will see that in some cases our data stress the existence of biases, gaps and inconsistencies in either of the two disciplines. In others it will be clear that only through the combined effort of historians and archaeologists will it be possible to solve specific problems. It is also stressed that not all is problematic or incongruous and that cases in which historical and archaeological sources fit well together and provide consistent information do exist. Finally, I briefly discuss what lessons we can learn from the problems and where and how possible solutions are likely to be found. This paper is written from the point of view of the zooarchaeologist; thus I have no claim to tackle these problems in a completely objective way. Criticisms from historians, other archaeologists and fellow zooarchaeologists are welcome. My ultimate aim and hope is to stimulate some debate and to encourage an exchange of information and ideas.
Counting sheep
One of the basic tasks of zooarchaeological analysis is to calculate the frequency of different animal species present in an archaeological assemblage. Despite methodological problems in carrying out these quantifications we are able to provide some clues about the relative importance of different animals. Medieval bone assemblages are almost invariably dominated by the bones of cattle, sheep and pig, namely the domestic mammalswith the horse -of greatest economic importance. Much more variable -and difficult to assess -is the relative importance of each of these three species.
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Although much variation occurs between early and late medieval sites, between urban and rural sites and between sites of different social status (Grant 1988; Albarella & Davis 1996) , cattle and sheep bones tend to be more common than pig bones. The relative distribution of the two most common species is highly variable, but it is probably not totally incorrect to state that, on average, bones of cattle and sheep tend to be equally numerous. However, sheep are generally more frequent on rural sites and cattle in towns (FIGUKE 1) and sheep increased in number in the later Middle Ages -a change possibly connected. to the expansion of land devolved to pasture (Campbell et al. 1996) and to the increasingly flourishing wool market. Regional variation also occurs. Methodological problems can also create much variation in the frequency of the two species; sheep bones are much smaller than cattle bones and on sites where the recovery has been poor sheep tend to be much under-represented. However, despite all these differences it is clear that cases in which either one of these two species is far more common than the other are rare.
During most of the Middle Ages the main concern in cattle and sheep husbandry was unlikely to have been their meat. However, there is also little doubt that almost all animals at the end of their life were eaten and the implications of the archaeological findings are therefore clear. Beef and mutton were both very important, but, due to the much larger size of the cattle carcass, beef was probably eaten in much greater quantity.
So much for the archaeological evidence. However, historic sources tell a different story. Animal counts from a selection of demesnes from the Domesday Book (Morris 1984) are provided in TABLE 1, and their average figure is compared to that deriving from archaeological sites (FIGURE 1). The sample of Domesday farms cannot be taken as representative for the whole country. Moreover, these data derive from seigniorial rather than peasant livestock. However, despite this note of caution, there seems to be little doubt that the Domesday survey suggests that sheep were by far the most common animals at the time of the Norman conquest (Finn 1963) , and much more common than is indicated by the archaeological evidence. Although the figures from the Domesday book only include the animals present in the demesne -and not those which belonged to a manor but were kept, for instance, in the wood - (Finn 1963 (Hallam 1988: 296) . Data for the number of animals per taxpayer in the 13th century indicate that in villages in Gloucestershire, Wiltshire and Suffolk there were no more than between 1.3 and 3.5 cattle per 10 sheep (Dyer 1989: 114, 130 & table 10) . Data from the lay subsidy for the hundred of Blackbourne (Suffolk) suggest similar ratios (Hallam 1988: 300) , and the proportion of sheep in the same period in Essex seems to have been even higher (Hallam 1988: 304) . The figures of average holdings of animals per taxpayer confirm that both in sheep-farming areas, such as Wiltshire, and in mixed farming areas, such as Suffolk, sheep far outnumbered cattle in the 13th century (Postan 1973: 229 (Dyer 1989) . Many more examples of this situation can of course he found. As for the earlier period, the general impression that we gain is that the later medieval landscape was much more dominated by sheep than the archaeological evidence suggests.
How can we explain the inconsistency hetween the two sources? First of all, it must be emphasized that frequencies of different species in living populations and archaeological assemblages (i.e. assemblages of dead animals) cannot be directly compared unless we assume that the average age of death was the same for all species. In other words we must take into account that, for instance, an animal that was slaughtered when four years old would have twice as much chance of being counted in a living population as another that died when it was only two years old. This means that if in an archaeological assemblage we have a high number of young animals of one species and a high number of old animals of another species we cannot assume that the relative frequency of these two species reflects what we would have seen in the living populations -this assumption would indeed lead to an overestimate of the species represented by the younger specimens. However, this consideration does not help to solve our problem. At least until the late 15th century most cattle bones found in archaeological assemblages in medieval England belong to mature animals and, if anything, we might suspect that the age factor leads to an underestimation of the cattle numbers.
Zooarchaeologists are aware that there are a number of biases that affect bone assemblages. Bones of different animals can be disposed of, preserved and recovered in different ways and this affects the relative frequency of the species they belong to. Allowances must be made for this variation, especially taking into account the fact that bones of larger animals are less likely to be destroyed by scavengers and, due to their size, are less likely to be missed during archaeological excavations. When studying the animal bones from the Saxon to post-medieval site of Castle Mall (Norwich), the frequency of the main species from the assemblage collected by hand and that collected by sieving were compared. It was clear that many sheep bones were missing from the hand-collected assemblage, but even in the sieved assemblage sheep was at the most as common as cattle (Albarella et al. 1997: table 6 ). Similar observations carried out on assemblages from other sites have also led to the conclusion that numbers of sheep bones tended to be underestimated, but the ratio between sheep and cattle numbers was still lower than the documents suggest.
Another factor that may affect the number of the animals is a possible differential disposal of the bones of the two species. Sheep were more prone to die of disease (Chris Dyer pers. comm.) and consequently their carcasses may have been disposed of out in the fields and never found by archaeologists. Although this may lead to some underestimation of sheep numbers, it does not seem an important enough factor to explain the remarkable discrepancy between the historical and archaeological data.
A more serious problem may be that we have more abundant documentary evidence for demesnes than for villages. Peasants were likely to own a relatively smaller proportion of sheep than cattle in comparison to the seigniorial demesnes (see Hallam 1988 &Harvey 1988 and therefore the fact that peasant livestock is somewhat overlooked by the documents may lead to an over-representation of sheep numbers. However, some data from villages are available and they still suggest a clear predominance of sheep upon cattle. Therefore, this is a factor that may reduce the scale of the problem without fully solving it.
It seems that we are left with another mystery. Historic sources suggest that the archaeological evidence is underestimating the importance of sheep in medieval times, but it is not clear why. Better attention to problems of differential disposal, preservation and recovery may help to correct biases and may lead the way to a complete solution of the enigma. It is possible that these factors play a more important role than we have hitherto thought. However, historians should also ponder on this problem and explore the possibility that their evidence might lead to some spurious estimation of cattle or sheep numbers. In particular the fact that different categories of producers are unevenly represented in historical documents may produce a bias in our view of the relative importance of different types of livestock.
Slaughtering and meat disposal Bones deriving from all parts of cattle and pig carcasses are generally found in animal-bone assemblages from medieval rural sites in Britain -e.g. Burystead and Langham Road (Davis 1992) , Eckweek (Davis 1991) , Launditch Hundred (Ambros 1980) . This has generally led to the conclusion that both these animals were commonly slaughtered and butchered on site. If selected cuts of meat only were introduced to the site we would indeed expect to find mainly hones of the important joints, which carry more meat, whereas skull and foot elements would be rarer. Some of these sites, such as West Cotton in Northamptonshire (Albarella & Davis 1994) and North Elmham in Norfolk (Noddle 1980) have animal-bone assemblages from late Saxon, early medieval and late medieval periods, and in both sites no obvious differences in the distribution of body parts of pig and cattle between different periods have been noticed. The interpretation of the anatomical evidence as attesting local slaughtering leaves us with the problem of how a family or even a small rural community could dispose of the large amount of meat from the cattle carcass. Even if we take into account the fact that medieval animals were on average smaller than modern improved breeds, a cattle carcass would still have produced between 100 and 200 kg of edible matter (McCormick in press; Gibson 1988) -a remarkable amount of meat that would have rotted quickly if not consumed within a few days.
One way to deal with the problem would have been to preserve the meat, through salting or smoking. This practice was widely used for pork -bacon was probably the most common meat eaten by people living in rural communities -hut it is less commonly attested for beef. In an attempt to explain the virtual absence of salt beef in the Irish and Scottish early documents, McCormick (in press) suggests that a possible explanation is provided by the prohibitive cost of the large amount of salt needed to cure a cattle carcass. The mention in historic documents of a quarter of salt beef in a barrel kept by peasants (Dyer 1989) suggests that beef was cured, but this does not seem to have been as common a practice as for pork. The reference in the literature to 'Martinmas beef' (see Trigg 1990: 12) -i.e. beef salted soon after a November slaughter (Chris Dyer pers.
comm.) -and the mention of the slaughter of oxen for the 'larder' in aristocratic household accounts (Redstone 1931: 128) both suggest that the wealthier people may have cured their beef on a regular basis, possibly because they had easier access to salt supply.
An alternative way to dispose of the meat would have been to organize communal feasts. This is how the supposed consumption of large quantities of meat has in some cases been explained for prehistoric (Albarella & Serjeantson in press) and Roman societies (Lauwerier & Groenewoudt forthcoming). A more appropriate example derives from the Irish pre-market medieval society. Here feasts were regularly organized when a large animal was slaughtered. Even though people of different status would get different cuts of meat, the refuse would end up together, thus explaining the presence of parts of the skeleton in the archaeological assemblage (McCormick in press).
The evidence for pigs at West Cotton not only indicates that pigs were slaughtered for household consumption, but also that they were raised on site and that some young males were probably reared for sale. The sex ratio on this site reflects the proportion that we would expect on a 'producer' site and it is in contrast with what is found on 'consumer' sites, where males are predominant (FIGURE 2). The archaeological evidence for pig seems to be perfectly consistent with what we would expect on a rural site on the basis of the historical sources. However, the situation for cattle is more problematic. We have seen that possible explanations for the disposal of large amounts of meat can be found, but what remains surprising is that also in the late medieval period -when a market economy had become predominant (Dyer 1989;  1994) -we seem to have evidence of slaughter and consumption 'in-house'. On the basis of the documentary evidence we should expect that peasants, at least since the mid 13th century, would take their cattle to the market, and possibly buy back smaller cuts of meat from the butcher (Dyer 1989: 156) . But the move to a market oriented economy is not reflected in the archaeological evidence.
Finbar McCormick (pers. comm) has drawn my attention to the possibility that butchers would have had difficulty in disposing of the bones and they would therefore tend to give them to buyers -in our case peasants -who might then have used the marrow or fed the bones to dogs. The high frequency of dog gnawing on the West Cotton bones could be of interest in this respect. However, although this possibility can account for the presence of most post-cranial bones in archaeological assemblages, it seems unlikely that cranial bones and teeth -which have little or no fat and are therefore unpalatable to dogs -could have been used in a similar way. Thus we have to accept the possibility that even in a strongly marketoriented society some villages would have disposed of some of their large animals locally. And we can reach this conclusion only through an integration of the historical and archaeological evidence.
Since market sites were regularly cleaned they tend to produce ephemeral deposits that may be difficult to detect archaeologically. Animals that passed through the market may end up in urban pits and ditches, but the market in itself may represent an almost invisible and sometimes forgotten element of the archaeological evidence. History seems to be troubled by the opposite problem, as it heavily relies on what was bought and sold -which is recorded in household and manorial accountsbut it is less informed on what was produced and consumed locally (see for instance Dyer 1997a). The risk is for archaeology to over-emphasize the importance of a self-sufficient economy and for history to place too great an emphasis on the role of the market. The integration of the two approaches may lead to the conclusion that by the 13th century rural communities in Britain had started relying on a market economy but most of the pork (and, of course, mutton) and some of the beef was still home-grown.
The missing animals of the historical record
One of the problems that most obviously highlights the need for a better integration of the historical and zooarchaeological evidence is represented by the unevenness of the information about different species of animals in both sources. For instance, historical documents tend to neglect animals of little economic value, but which were still important in medieval life.
Although domestic animals such as cattle, sheep, pig and horse play a prominent role in the documents, other species such as dogs and cats are only mentioned in passing. Dogs are mainly mentioned in court cases because they had been used for illegal hunting or because they had bitten people (Hanawalt 1986: 256) . However, very little is said about how these animals were used, where they would live and how common they were. In contrast animalbone assemblages from archaeological sites almost invariably include some dog and cat bones, and often burials of these species are also found. Dog gnawing marks on the bones of other animals are even more common -especially in rural sites -and suggest that roaming dogs must have been a typical feature of the medieval scene. All in all the impression that we gain from archaeological sites is that domestic carnivores were far more important than the historical evidence seems to indicate. Dogs and cats were likely to be kept as pets and to control the spread of commensal rodents (rats and mice). Dogs, of course, would also be used as guard animals and for hunting, but this latter was a privilege mainly restricted to the upper classes. Once dead, these animals would still provide useful products in the form of their pelts. Skinning marks on dog and cat bones are very common on archaeological sites, and in some cases it seems that young cats were killed on purpose to obtain the best-quality skins (McCormick 1988; Luff & Moreno Garcia 1995).
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Being marketable items dog and cat skins are also mentioned i n documents, and we know for instance that dog pelts would be considered a valuable raw product for making gloves (Serjeantson 1989) . However, the high frequency of skinning marks on cat and dog bones from rural sites and the scanty documentary evidence for these items suggests that dogs and cats may be neglected by historic sources, not only as concerns the living animals but for their products too.
Although never present on cat bones, butchery marks have been found on dog bones from several medieval assemblages. Their interpretation is debatable and among the possible explanations we may mention the possibilities that dog meat might have been eaten occasionally (Dobney et al. undated) , that it would be used for feeding other dogs [Wilson &Edwards 1993) or that the marrow fat would be exploited for cosmetic or other uses (Gidney 1996) . Once again the documents are inconclusive in finding a solution to this problem, although they can provide some clues.
I believe that the case discussed above may be taken as a reminder of the fact that historical sources tend to give much more substantial information about animals that provided a direct contribution to the medieval economy and whose products would become part of a mechanism of sale and purchase. Our analysis of archaeological bone assemblages can help to fill in some of the gaps left by the historic documents and to inform us about aspects of medieval life that are important although not immediately connected to a market economy.
The missing animals of the archaeological record Whereas a fairly straightforward explanation can be provided for the omission of some animal species in the historical record, it is more difficult to understand why some animals that are frequently mentioned by the documents turn up so rarely on archaeological sites.
Though the donkey can be mentioned as one such case, the most typical example is probably represented by the goat. The goat -although far less common than the sheep -is frequently mentioned in the Domesday Book; it seems that these animals were even kept in relatively large numbers on some demesnes (TABLE 1). In Suffolk and Essex they were more common than horses and as numerous as cattle (Hallam 1988) -the bones of both species are extremely abundant in the archaeological record. Large herds of goats also seem to have been kept in the West Midlands in the 14th century (Dyer 1991) in a period in which the pressure on countryside resources was relaxed as a consequence of the reduction of the population caused by the Black Death. By the end of the Middle Ages goats had become rarer, probably because of the damage they were causing to woods and especially to hedges (Burke 1834: 11, 505) , whose function had become especially important following enclosure of the land. They also tended to sour restricted pasture and this may have rendered them increasingly unpopular (Harvey 19881 . The decline of the goat is also reflected in the archaeological record, as goats are almost completely absent from late medieval and post-medieval sites (Albarella 1997a) .
However, goats are not much more common in archaeological assemblages of earlier periods. In other words the goat, throughout the whole medieval period in the British Isles, is much less common on archaeological sites than historical sources suggest it should be. However, it has to be said that this question mainly applies to goat bones and teeth, because horncores -the bony core of bovid horns -of these animals are occasionally found in great abundance on archaeological sites (see for instance Noddle 1977) . The quantity of horncores and the scarcity of other parts of the skeleton has even led to the suggestion that there might have existed an independent trade in goat horncores, possibly with overseas countries (Albarella et aI. 1997) . However, this suggestion, in order to have a firmer basis, has to address the problem of why goat bones are so under-represented on archaeological sites.
In a way the reason why goats are underrepresented in the archaeological record is of secondary importance here, as my main point is to highlight how unwise it would be to rely just on the archaeological evidence and how essential it is to consider these data along with the historical evidence. However, it should be mentioned that goat bones are difficult to distinguish from the bones of much more common sheep. The sorting-out of identification problems is paramount in any attempt to find a solution to the problem of the under-representation of goats in archaeological assemblages. At the same time it would be interesting to see if historians think that the documents may in some way give us a wrong impression of the importance of the rarer species -such as the goat -for the medieval economy.
Conclusions
Each of the problems discussed above would deserve a thorough investigation, extensive research and eventually a separate paper. In this context the cases are presented in order to highlight some of the questions connected with the integration of historical and zooarchaeological evidence in the medieval period. It is for this reason that, although hypotheses have been suggested, I have made no attempt to find a definitive solution to the problems.
What is discussed in this paper is only a sample of a much greater number of cases that can point to the fact that the past relationship of people and animals can only be fully understood through the combined effort of archaeologists and historians. Historic documents and archaeological remains represent important, but incomplete, tools for our understanding of the past. The fact that they sometimes provide complementary information means that they can be seen as pieces of a puzzle that must be viewed together. Although this may seem obvious, a quick browse through the literature can easily show that archaeologists and historians often ignore each other's evidence.
A greater awareness of the incompleteness of the archaeological and historical records may help encourage scholars in both disciplines to fill the gaps using information deriving from a different field. However, problems are likely to remain. Data derived from documents or from archaeological remains need interpretation and should not be read in an uncritical way. For instance, historians need to be aware that data on the frequency of different species, body parts and age groups, generally provided in zooarchaeological reports, can be misleading if taphonomic, recovery and other biases are not taken into account. Similar problems certainly apply to the documentary evidence too. Therefore the use of the data from the other discipline may be insufficient and in some cases may even lead to spurious interpretations.
Since it is difficult to see how researchers, who struggle to keep themselves updated with the large body of information deriving from their own discipline, can get deeply engaged in the nuances of another field, we have to conclude that the only possible way forward is for historians and archaeologists to work in close association. Occasional cases of collaboration do exist and may lead the way to a more interdisciplinary-oriented future. For instance a few research groups, such as the Medieval Settlement Research Group, include both archaeologists and historians (see Dyer 1997b) . And the existence of other similar interdisciplinary groups was made clear in a recent debate at the Medieval Europe conference in Bruges (October 1997). However, the most common situation is still of insufficient interchange and isolation. The main medieval conferences tend to be dominated either by historians or by archaeologists but they are rarely shared by both. Most journals, societies and research projects are either for historians or for archaeologists. It is also not entirely unusual to see scholars firmly defend the identity of their own discipline, or show contempt for findings from other fields. Archaeology and history university departments sometimes blatantly ignore each other. These things will not be changed easily or quickly, but an increase in the intensity and quality of communication seems to be an important step for the future of both disciplines.
It is to be hoped that more research projects that involve archaeologists and historians will be funded, that more conferences on common themes will be organized and perhaps that a new journal that deals, on equal levels, with archaeological and historical contributions to medieval agricultural history will appear. Zooarchaeology and agricultural history use different tools -bone assemblages and documents -but share the same objective of understanding the past. After decades of study we still have substantial uncertainties about the relative importance of different farm animals during the Middle Ages, and we are still debating what was the impact of the market on the animal economy. It is likely that we will continue to discuss these problems in the coming decades, but if we want to make rapid and good progress we will have to ensure that we take part in the debate with an open mind and fully respect the contribution of other disciplines.
